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Description 

Field of the Invention 

5 This invention relates to a method for discriminating between intact and damaged cells in a sample, and 
more particularly, relates to a method for discriminating between intact and damaged cells in a peripheral 
' blood sample, wherein the intact and damaged cells are discriminately stained by a nucleic acid stain. 

Background of the Invention 

w 

The detection and identification of cell types in the hematopoietic system has long been a useful 
research and clinical tool. A number of automated methods exist to aid the researcher and clinician. Among 
those methods include flow cytometry and fluorescence microscopy. In recent years, the former method 
has become increasingly sophisticated and has become generally accepted as a tool to aid in the 
75 identification of or discrimination between cell types and between various functional and/or maturational 
subsets within a cell type. 

Flow cytometers, which are more generally described in U.S. Pat. Nos. 4,661,913, 4,284,412 and 
3,826,364, and in articles by Herzenberg et al., Sci. Am., 234:108 (1976), and by Steinkamp, Review of 
Scientific Instruments 55:1375 (1984), have been used to identify different populations of leukocytes in a 

20 heterogeneous sample by detecting multiple independent parameters on individual cells that pass through 
the sensing region. Typically, these parameters include forward light scatter (FLS, which is a measure of 
relative particle size), orthogonal light scatter (OLS, which is a measure of relative granularity) and 
fluorescence. Fluorescence may be measured from cells that incorporate a nucleic acid or other vital stain 
or may be measured from cells bearing surface markers which are labelled with monoclonal antibodies 

25 (MAbs) that are conjugated directly or indirectly to fluorochromes as described, for example, in U.S. Pat. 
No. 4,520,110. By combining and comparing these parameters, the various leukocyte components may be 
distinguished. 

U.S. Pat. No. 4,727,020 corresponding to EP-A-0 193356 provides one example of how a flow 
cytometer operates and may be used to identify leukocyte subpopulations. Unlysed whole blood was 

30 treated with one MAb conjugated to phycoerythrin (PE) specific for CD4 + T cells and and a second MAb 
conjugated to fluoroscein isothiocyanate (FITC) specific for CD8 + T cells. A nucleic acid dye, LDS-751 
(Exciton), was added to identify nucleated leukocytes. The labelled cells then were analyzed by flow 
cytometry. A state was set for LDS-751 + cells (Le., for nucleated leukocytes, thereby excluding erythrocytes 
and platelets). The method allowed separation of leukocyte subpopulations by comparing the various 

35 parameters measured. 

One problem inherent in any method that makes use of fluorescently labelled MAbs and/or nucleic acid 
dyes, however, is the propensity of the labels to indiscriminantly bind to damaged cells or cell debris in a 
sample. This problem is compounded by the fact that in order to prepare cells for labelling, the cells must 
undergo several preparation techniques, all of which increase the number and proportion of cells that 

40 become damaged or ruptured in any one sample. These damaged cells and associated cell debris and their 
accompanying fluorescence must be discriminated against in the overall sample in order to thoroughly 
examine the remaining intact cells. Depending upon the method used to prepare the cells in any one 
sample and even between samples using the same method, sample preparation can introduce a significant 
amount of variation into the system. As a result, method used for immunofluorescence analysis of cells 

45 could mis-identify damaged cells as part of the subpopulations of interest. 

A variety of techniques exist for determining whether a cell in a sample is intact or damaged. Viable, 
intact ceils can be distinguished from dead cells by using either fluoroscein diacetate (FDA) or propidium 
iodide (PI). In these methods, the sample is treated with either FDA or PI and then examined for 
fluorescence. Cells that stain with FDA are considered "viable"; cells that stain with PI are considered 

so dead." The methods are limited, however, in that the cells cannot be fixed if the stains are to be used to 
identify viable cells. Another limitation on the use of FDA is that it brightly fluoresces so that it overwhelms 
the immunofluorescence signals from other stains, such as FITC and PE, rendering them unreadable. 

Other methods to detect intact cells that do not make use of such dyes also exist. FLS, on a flow 
cytometer for example, may be used to discriminate between intact and damaged cells but only if the cells 

55 in the sample are derived from a homogeneous population. Cells from a heterogeneous population cannot 
be so distinguished because of variations in cell size and light scattering properties. 

Each of the above-described methods suffers from some defect that makes it inapplicable as a general 
method for discrimination between damaged and intact cells in a heterogeneous sample. As a result, there 
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is no single method that allows the researcher or clinician to examine a heterogeneous cell sample from an 
individual and to discriminate between damaged and intact cells therein. 

Summary of the Invention 

5 

The present invention comprises a method to discriminate between intact and damaged cells in a body 
fluid sample. The method comprises the steps of: 1) taking a body fluid sample from an individual; 2) 
adding the nucleic acid dye LDS-751 (2-{2-[4-dimethylamino)phenyl]-ethenyl}-1-ethyIquinolinium iodide) to 
said sample; and 3) analyzing the cells in said sample in an automated instrument capable of passing said 

io cells through a sensing region substantially one at a time and capable of detecting and recording both 
fluorescence and light scattered by individual cells. 

In the preferred embodiment, the body fluid sample comprises peripheral whole blood wherein the 
erythrocytes are lysed. The nucleic acid dye comprises a stain with a preference for DNA and which also 
distinguishes between damaged and intact cells based on the amount of fluorescence emitted. It will be 

75 appreciated by those skilled in the art that this method also is particularly useful when combined with other 
methods used to identify cell types (e.g., when fluorescently labelled MAbs are used). Examples of such 
other methods include those described in U.S. Pat. No. 4,599,304 for the monitoring of activated cells. In 
such cases, it will be further appreciated that the peak emission spectra of each of the fluorochromes used 
to label the MAbs and of the nucleic acid dye must be sufficiently distinct so as not to overlap. Similarly, it 

20 is desirable that all of the fluorescent labels be excitable at the same wavelength. This will allow the use of 
a single laser source in the flow cytometer, as opposed to having a dual laser source as described in U.S. 
Pat. No. 4,727,020. 

A kit comprising a set of containers separately containing the nucleic acid dye and one or more MAbs 
also is disclosed. 

25 

Description of the Drawings 

FIG. 1 comprises several correlation of "dot" plots of OLS vs. FLS (A.C-E) and log LDS-751 fluorescence 
vs. FLS (B) for fixed PBL (peripheral blood leukocytes) from erythrocyte depleted whole blood; 
30 FIG. 2 comprises several dot plots of OLS vs. FLS (A,D), log LDS-751 fluorescence vs. FLS (B) and vs. 
log FDA fluorescence (C,E) the PBL were not fixed; 

FIG. 3 comprises several dot plots as in FIG. 2 for cells prepared from the same individual as in FIG. 2, 
but the cells were held for 48 hours prior to staining with LDS-751 and FDA; 

FIG. 4 comprises several dot plots of log CD5(PE) fluorescence vs. CD20(FITC) fluorescence (A,C,E), log 
35 LDS-751 fluorescence vs. FLS (B) and FLS vs. OLS (D) for erythrocyte depleted whole blood which had 
been reacted with these two MAbs; 

FIG. 5 comprises several dot plots as in FIG. 1 but wherein the cells also were stained with CD1 1 b(PE) 
and CD15(FITC); and 

FIG. 6 comprises several dot plots of log CD11b(PE) fluorescence vs. log CD15(FITC) fluorescence (A,C- 
40 E) and log LDS-751 fluorescence vs. FLS (B) for the fixed PBL from erythrocyte depleted whole blood as 
shown in FIG. 5. 

Detailed Description of the Invention 

45 The present invention comprises a method for the discrimination between and identification of cell types 
in a body fluid. Preferably, the body fluid is erythrocyte depleted peripheral blood; however, other body 
fluids that may be sampled include peritoneal, spinal and brain fluids, as well as urine. In addition, cell 
suspensions of bone marrow, lymph node, liver, spleen and thymus may be used. 
The method comprises the steps of: 

so 1) taking a body fluid sample from an individual; 

2) adding the fluorescent nucleic acid dye LDS-751 (2-{2-[4-dimethyIamino)-phenyl]ethenyl}-1-ethyl- 
quinolinium iodide) to said sample; and 

3) analyzing the cells in said sample in an automated instrument capable of passing said cells through a 
sensing region substantially one at a time and capable of detecting and recording both fluorescence and 

55 light scattered by each of the cells that pass through the sensing region. 

The method may be broadened to include a step wherein MAbs are added to the sample prior to 
staining with the nucleic acid dye. One or more MAbs may be used to detect cell surface antigens or the 
cells in the body fluid sample. The method is not limited by the MAb used or the cell surface antigen to be 
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detected; however, certain pairs of MAbs are useful in the practice of this invention and include those pairs 
described in U.S. Patent 4987086 based on U.S. Serial No. 126,333, filed November 30, 1987. The MAbs 
may be directly or indirectly label led by one or more fluorochromes by methods known to those skilled in 
the art. It is preferable that the MAbs are directly labelled. It also is preferable that the peak emission 

5 spectra of the fluorochromes and the nucleic acid dye all be distinguishable. Further, it is desirable, when a 
single laser source is used in the automated instrument, to have all the fluorescent materials excitable at 
substantially the same wavelength (e.g., 488nm when an argon laser is used). If a dual laser source is used, 
the excitation spectra may differ. 

The chosen nucleic acid dye has preference for DNA which has different fluorescence intensities for 

io intact and damaged cells. In this manner, non-nucleated cells, such as erythroyctes and platelets, will not 
be stained (or will be stained minimally) such that nucleated cells (e.g. , leukocytes) can be distinguished 
from non-nucleated cells based upon the intensity of fluorescence. The dye 2-{2-[4-dimethylamino)-phenyl]- 
ethenyl}-1-ethylquinolinium iodide is also known as LDS-751. The amount of dye used and the time the 
cells are stained with the dye should be sufficient to avoid differential staining as a result of kinetic 

75 phenomena. Twenty-four hours is more than sufficient time. 

A variety of devices may meet the requirements of the automated instrument. Desirably, the instrument 
comprises a flow cytometer with a single laser source, Preferably, the single laser source is an argon laser 
tuned to 488nm. The flow cytometer may further comprise data storage and analyses means such as a 
personal computer with software sufficient to list, store and analyze at least five parameters of data in 

20 various paired combinations. Examples of flow cytometers useful in the practice of this invention include 
FACS 440™, FACScan™ and FACStar™ (all commercially available from Becton Dickinson Im- 
munocytometry Systems (BDIS)). Examples of personal computers and appropriate software include 
Consort 30 data management systems (BDIS) and FACScan Research or Paint-A-Gate ™ Software (BDIS). 
It will be appreciated by those skilled in the art that a fluorescence microscope may be substituted for 

25 the automated instrument. In this case, manual counting and identification of cells is required. 

Examples 

Peripheral blood of healthy individuals was collected by venipuncture into Vacutainer™ tubes contain- 
30 ing EDTA(K3) as anticoagulant (Becton Dickinson). Erythrocytes were lysed with NH4.CI. One volume of 
blood was mixed with 15 volumes of 1% NH 4 CI in H 2 0(pH 7.3) and gently mixed. Cells were lysed for 3-5 
minutes, and centrifuged at 200g for 5 minutes at room temperature. The pellet was resuspended in a 
volume of RPMI 1640 (Whittaker) 14 times larger than the original blood volume and centrifuged at 200g for 
5 minutes. This washing step was repeated twice and the cells were finally resuspended in phosphate 
35 buffered saline containing 1% bovine serum albumin, 10* IE penicillin/ml, 100 U/ml streptomycin and 20 mM 
Hepes (pH 7.3) (PBS). The cell concentration of the remaining peripheral blood leukocytes (PBL) was 
adjusted to 1 x 10 7 /ml. 

Where MAbs were added to the sample, twenty ul of a pretitered MAb was added to 100 ul of cell 
suspension. After incubating for 20 minutes on ice, the cells were washed twice with 2ml of the PBS 

40 solution of 4*C. The staining procedure was repeated for a second MAb, if any. The pellet of the 
immunofluorescent labelled cells was resuspended in 1 ml of 1% paraformaldehyde in PBS. 

A stock solution of LDS-751 was made by dissolving 0.2 mg in 1 ml of methanol. A working solution 
containing 0.5 ml of the stock solution was diluted into a final volume of 50 ml PBS containing 0.1% azide. 
Ten ul of the LDS-751 working solution was added to the paraformaldehyde fixed cells and kept overnight 

45 before flow cytometric analysis. The cell suspension could be kept at least two weeks without changes in 
the light scattering properties or fading of the immunofluorescence signals on the cells. 

In the experiments correlating the fluorescence signals obtained from LDS-751 and FDA, the NhUCI 
lysed cells were resuspended in RPMI to a final concentration of 1 x 10 6 /ml. Before analysis, the cells were 
kept one hour in the RPMI solution in order to obtain optimal light scattering properties of the cells. The 

50 FDA stock solution was made by dissolving 5 mg FDA in 1 ml of acetone. The FDA working solution 
contained 5 ul of the stock solution diluted into a final volume of 5 ml PBS containing 0.1% azide. Fifteen 
minutes before analysis, 30 ul of the FDA working solution was added to 1 ml of the cell suspension 
together with LDS-751 in a final concentrations of 0.2 ug/ml for the fresh and 0.1 ug/ml for the 48 hours old 
samples respectively. 

55 The MAbs FITC labelled Leu-M1, BDIS) and PE labelled CD11b (Anti-Leu-1 5, BDIS) were used. With 
this combination NK-cells and different maturational stages of monocytes and neutrophilic granulocytes 
could be identified. The MAbs FITC labelled CD20 (Anti-Leu-16, BDIS) and PE labelled CDS (Anti-Leu-1, 
BDIS) also were used. Other candidate MAbs include anti-CD45(FITC) and anti-CD14(PE). 
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Flow cytometric analyzes were performed on a FACScan™ flow cytometer. This instrument used an 
air-cooled Argon ion laser as a light source. The laser operated at 488 nm with an intensity of 1 5 mW. The 
laser was focused on the cell stream by means of a prismatic expander and a planoconvex lens providing a 
20 urn x 64 urn elliptical beam. The optical measurements were performed in a quartz flowcell with a 

5 430um x 180um rectangular flowchannel. A stable flow was achieved by pressurizing sheat and sample 
flow. Measurements were performed at a sample flow rate of 60 ul/min. 

The light scattered in forward direction was collected with a spherical lens provided with a rectangular 
beam stop (collecting angles 1-10 degrees) and detected by a solid state silicon detector. Orthogonal 
scattered and fluorescence light was collected by a lens (H 94, 1.22 NA) coupled to the flowcell with an 

70 optical gel (collecting angles between 23* and 157*). The light was directed to 4 photomultiplier tubes 
using appropriate optical filter combinations. The fluorescence signals were collected through a 530 nm 
band pass filter for the FITC signals, a 585 nm band pass filter for the PE signals and a 650 nm longpass 
filter for the fluorescent light obtained from LDS-751 . The scattered light was directed to a photomultiplier 
using a Brewster angle beam splitter. 

75 The five parameters were digitized and stored in memory by Direct Memory Access in the list mode 
with Consort 30™. Each measurement contained 22,000 cells. Data acquisition was performed with the 
FACScan Research Software. 

Cell sorting was performed on a FACStar™ flow cytometer. For each population 10,000 cells were 
sorted into RPMI containing 10% Fetal Calf Serum (FCS). The sorted cells were spun down for 5 minutes at 

20 200g and resuspended in 100 ul RPMI containing 10% FCS. Cytospin preparations were made with a 
Shandon Cyto-centrifuge (Southern Product Ltd., Astmoor, England). The slides were stained with Wright 
Stain and examined with a light microscope. 

Example I. Discrimination of Intact From Damaged Cells After Fixation 



PBL were obtained by lysing the erythrocytes with NhUCL as described. These cells were labelled with 
PE and FITC labeled MAbs following standard immunofluorescence procedures. After washing, the cells 
were fixed in 1% paraformaldehyde and the nucleic acid dye, LDS-751, then was added to the cells. 

The instrument threshold was set at a low level on the forward angle light scattering channel in order to 

30 include platelets and cell debris in the analysis. See FIG. 1A. The major leukocyte cell populations including 
lymphocytes, monocytes, granulocytes, and the~~esonophils (L,M,N,EO respectively, FIG. 1A) could be 
distinguished from the platelets and cell debris by forward and orthogonal light scattering signals. 

In the correlation between the forward light scattering and LDS-751 fluorescence, FIG. 1 B, a population 
of intermediate staining cells with significant light scattering was identified. See Population I, FIG. 1 B. This 

35 population included all of the intact cells as identified by forward and right angle light scattering. See FIG. 
1D. The population with the highest amount of LDS-751 fluorescence, DA in FIG. 1B, had low to 
intermediate amounts of forward and orthogonal light scattering. See FIG. 1C. The proportion of events 
within Population DA varied from sample to sample and differed with changes in preparation procedures. 
The low light scattering signals and the sample to sample variations suggested that these events were cell 

40 debris. This was confirmed by sorting the cell populations identified in FIG. 1B. The cells in Population I 
were intact cells by microscopic examination. The cells represented within DA were damaged cells, bare 
nuclei, or aggregated platelets. The particles identified within Population P were platelets and erythrocytes. 
This latter population had light scattering characteristics shown in FIG. 1 E. 

A comparison of FIG. 1C and D would suggest that the use of light scattering alone would include some 

45 damage cells with the intact cell populations. The contribution of damaged cells to the populations identified 
solely by light scattering was determined for twenty normal donors (Table I). 



25 
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TABLE I 

Enumeration of Percentage of intact Nucleated Cells 



of 20 Donors Determined by LDS-751 Fluorescence a 







MIN 


MAX 


MEAN S.D. 


10 


Intact Nucleated Cells b 


13 


66 


34 14.6 




Liqht Scatter ina aate for c 










Intact Lymphocytes 


78 


99 


88 7.1 


75 


Intact Monocytes 


8 


88 


56 21.4 




Intact Neutrophils 


47 


91 


76 11.4 




Intact Eosinophils 


11 


78 


41 16.7 



20 



PBL obtained by NH 4 C1 lysing, fixed in 1% 
paraformaldehyde and stained with LDS-751. 

Cells occurring the region indicated by "I" in 
FIG, IB (% is obtained by dividing their number by the 
total number of nucleated cells { i.e. , I + DA) x 100%). 
30 " Number of intact nucleated cells occurring in 

the light scattering gates typical for cell types as 
indicated in FIG. ID divided by the niffl$?r gf cells 
35 occurring in identical gates set in FIG. lA"x 100%. 

To determine the percentage of cells which might interfere with the immunofluorescence, the percent of 
intact cells was determined in the light scattering regions typical for lymphocytes, monocytes, neutrophil 

40 granulocytes, and eosinophilic granulocytes (FIG. 1D: L.M.N.EO respectively). This table indicates that only 
a minority of cells (mean 34% intact nucleated cells) survived the sample preparation protocol. In addition, a 
significant fraction of these damaged cells could not be removed based on light scattering characteristics 
only. For example, within the lymphocyte light scattering state (FIG. 1 D: L) an average of only 88% of the 
cells were intact based on LDS-751 fluorescence. It should be noted that erythrocytes which survived the 

45 lysis protocol could appear in the light scattering region typical for nucleated cells. (FIG. 1E). By using the 
additional fluorescence parameter the cells were confined to Population P, FIG. 1B since they did not stain 
with LDS-751 and therefore could be distinguished from nucleated cells. 

Example II. Detection of Viable Cells 

50 

The extension of this technique to unfixed, viable samples added further confirmation that the LDS-751 
was able to discriminate intact from damaged cells. LDS-751 can be used to stain viable leukocytes. This 
permits the correlation of LDS-751 staining with conventional dyes which assess viability in unfixed 
samples. 

55 PBL were prepared using NhUCI without subsequent fixation. The light scattering characteristics of this 
sample are shown in FIG. 2A. The cells that are identified as viable using FDA can also be distinguished 
based on LDS-751 fluorescence. See FIG. 2C. Greater than 98% of the cells were identified as positive by 
both FDA and LDS 751 fluorescence. 
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In a similar experiment, the unfixed cells were held for 48 hours after the NhUCI lysis in order to 
increase the dead cells in the sample before staining with LDS-751 and FDA. FIG. 3. At this time, only 71% 
of the cells were viable based on FDA and LDS-751 fluorescence. By gating on the LDS-751 and light 
scattering, FIG. 3B t essentially all of the viable cells are included (0.9%) and only a few (8.6%) were dead 
5 based on FDA fluorescence. These data confirm that LDS-751 discriminates intact from damaged cells both 
in a viable state and after fixation. 

Example III. Combination of Immunofluorescence with LDS-751 

10 The excitation of LDS 751 at 488 nm and its far red emission permits the combination of this dye with 
both FITC and PE immunofluorescence reagents. Spectral compensation must be used between the dyes 
to correct for PE emission entering the LDS channel (10% subtraction), however, only a minimal correction 
must be made in the other direction (2% subtraction). No compensation was required between the FITC and 
LDS-751 channels. 

75 The advantage of using LDS 751 to identify damaged cells during lymphocyte subpopulation analysis is 
demonstrated in FIG. 4. In this example the erythrocyte lysed, whole blood was reacted with CD5(PE) (T- 
cells and a subpopulation of B-cells) and with CD20(FITC) (B Cells). The intact cells were identified in the 
correlation between LDS-751 and forward light scatter. See FIG. 4B. The relatively infrequent population of 
CD5+/CD20", CD5+/CD20+ and CD5"/CD20 + lymphocytes, FIG. 4E. can be identified by further gating on 

20 the forward and orthogonal light scattering. See FIG. 4D. By gating only on light scattering without 
identifying intact cells, the proportion of double libelled CD5\ CD20+ cells was increased by 50%. See FIG 
4C. 

A second example illustrating the importance of combining immunofluorescence with the identification 
of contact cells is shown in FIG. 5 and 6. The cells in this example were labelled with CD15(FITC) and 

25 CD11b(PE). These different cell types labelled (Le., monocytes, granulocytes and NK cells) can be 
distinguished based on quantitive differences in a~ntibody labelling and on the differences in their light 
scattering characteristics. The CD15 MAb is known to agglutinate neutrophils since it is of the IgM isotype 
and the number of antigen sites on the target cells is high. This agglutination can be observed by 
comparing the relative frequency of the neutrophils, FIG. 5A and FIG. 1A, since these samples were 

30 obtained from the same cell preparation. It is evident that fewer neutrophils were observed by light 
scattering in the sample which was reacted with the CD15 MAb. It could be shown that the cells are still 
within the sample. As shown before, the intect cells, FIG 5B (Population I), could be distinguished from the 
more brightly labelled larger cells identified in Population AG. These agglutinated cells comprising 20% the 
intact cell population had light scattering characteristics which were off scale in FIG. 5C. 

35 The immunofluorescence of these cell populations is shown in FIG. 6. The agglutinated cells have the 
highest binding of both CD15 and CD11b. See FIG. 6C. These data indicate that the intensity of staining 
LDS-751 could also be used to identify doublets or agglutinated cells within the sample. 

The discrimination between cell population based on CD15 and CD11b binding was more easily 
observed when the damage cells and doublets were removed from the sample by getting the list mode file. 

40 The multiple populations identified by immunofluorescence were also recognizable by light scattering. In 
comparing FIG. 5D and 6D, the population which are mapped by the immunofluorescences have cor- 
responding light scattering characteristics (L.M.N.EO). The neutrophils (N) and esonophils (EO) were 
separated by both forward angle light scattering and by the intensity of CD15 fluorescence. The monocytes 
(M) were distinguished from the lymphocytes (L) both by their light scattering properties and CD11b 

45 expression. The NK cells (included in the L Population) expressed CD11b but did not express CD15 as did 
the monocytes (M). The identity of these cell populations has been confirmed by sorting the cells for 
morphological analysis. 

A kit comprising containers separately containing a nucleic acid dye and one or more MAbs may be 
used in the practice of this invention. In the preferred embodiment, one container in the kit will contain LDS- 
so 751 . Other containers in the kit may include separately any of the MAbs previously described in the above- 
examples. It will be appreciated by those skilled in the art that the MAbs may be labelled before inclusion in 
the kit or separate containers containing the fluorochromes may be included for independent labelling. 

All publications and patent applications mentioned in this specification are indicative of the level of skill 
of those skilled in the art to which this invention pertains. 

55 



7 



EP 0 347 039 B1 



Claims 

1. A method for discriminating between intact and damaged cells in a body fluid sample which comprises 
the steps of: 

5 1) taking a body fluid sample derived from an individual; 

2) adding LDS-751 (2-{2-[4-(dimethylamino)phenyl]-ethenyl}-1-ethyl-quinolinium iodide) to said sam- 
ple; and 

3) analyzing said sample in an automated instrument capable of passing the cells in a sample 
through a sensing region substantially one at a time and capable of detecting and recording both 

io fluorescence and light scattered in more than one direction by each cell passing through said 

sensing region. 

2. The method of Claim 1 wherein the body fluid sample comprises peritoneal, spinal and brain fluids, 
urine, and cell suspensions of bone marrow, lymph node, liver, spleen or thymus. 

75 

3. The method of Claim 1 wherein at least one fluorescently labelled MAb is added to the sample prior to 
adding the LDS-751 (2-{2-[4-(dimethylamino)phenyl]-ethenyl}-1-ethyl-quinoIinium iodide), wherein the 
fluorescent labels have peak emission spectra that are distinguishable from each other and from said 
LDS-751 (2-{2-[4-(dimethylamino)phenyl]etheny l}-1 -ethyl-quinolinium iodide). 

20 

4. The method of Claim 1 wherein said automated instrument comprises a flow cytometer. 

5. A method for discriminating between intact and damaged cells in a peripheral blood sample comprising 
the steps of: 

25 1) taking a sample of peripheral blood derived from an individual; 

2) adding at least one fluorescently labelled MAb to the sample wherein the fluorescent labels have 
peak emission spectra that are distinguishable from each other and from LDS-751 (2-{2-[4- 
(dimethylamino)phenyl]-ethenyl}-1 -ethyl-quinolinium iodide); 

3) adding a fixative to the sample; 

30 4) adding LDS-751 (2-{2-[4-(dimethylamino)phenyl]-ethenyl}-1 -ethyl-quinolinium iodide); and 

5) analyzing said sample in an automated instrument capable of passing the cells in the sample 
through a sensing region substantially one at a time and capable of detecting and recording both 
fluorescence and light scattered in more than one direction by each cell passing through said 
sensing region. 

35 

6. The method of Claim 5 wherein erythrocytes in the blood are lysed. 

7. The method of Claim 5 wherein the automated instrument is a flow cytometer. 

40 a A method for discriminating between intact and damaged cells in a peripheral blood sample which 
comprises the steps of: 

1) taking a sample of peripheral blood derived from an individual; 

2) tysing the erythrocytes in said sample; 

3) adding at least one fluorescently labelled MAb to said sample, wherein the fluorescent labels have 
45 peak emission spectra different from each other and LDS-751 (2-{2-[4-(dimethylamino)phenyl]- 

ethenyl}-1 -ethyl-quinolinium iodide); 

4) adding paraformaldehyde to the sample; 

5) adding LDS-751 (2-{2-[4-(dimethylamino)phenyl]-ethenyl}-1 -ethyl-quinolinium iodide) to said sam- 
ple; and 

so 6) analysing said sample in a flow cytometer equipped with a single laser tuned to 488nm by 

detecting and recording both fluorescence and light scattered in more than one direction by each 
cell passing through said flow cytometer. 

9. A kit which comprises containers separately containing LDS-751 (2-{2-{4-(dimethylamino)phenyl]- 
55 ethenyl}-1 -ethyl-quinolinium iodide) and one or more fluorescently labelled MAbs, for use in a method 
for discriminating between intact and damaged cells in a peripheral blood sample comprising the steps 
of: 

1 ) taking a sample of peripheral blood derived from an individual; 
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2) adding at least one fluorescently labelled MAb to the sample wherein the fluorescent labels have 
peak emission spectra that are distinguishable from each other and from LDS-751 (2-{2-[4- 
(dimethylamino)phenyl]-etheny l}-1 -ethyl-quinolinium iodide); 

3) adding a fixative to the sample; 

5 4) adding LDS-751 (2-{2-t4-(dimethylamino)phenyl]-ethenyl}-1 -ethyl-quinolinium iodide); and 

5) analyzing said sample in an automated instrument capable of passing the cells in the sample 
through a sensing region substantially one at a time and capable of detecting and recording both 
fluorescence and light scattered in more than one direction by each cell passing through said 
sensing region. 

10 

10. The kit of Claim 9 wherein the MAbs are fluorescein isothiocyanate-labelled anti-CD15 and 
phycoerythrin-labelled anti-CD1 1b. 

11. The kit of Claim 9 wherein the MAbs are fluorescein isothiocyanate-labelled anti-CD20 and 
75 phycoerythrin-labelled anti-CD5. 

12. The kit of Claim 9 wherein the MAbs are fluorescein-labelled anti-CD45 and phycoerythrin-labelled 
CD14. 

20 PatentansprUche 

1. Verfahren zum Unterscheiden zwischen intakten und geschadigten Zellen in einer KorperflUssigkeits- 
probe, das die Schritte des 

1) Nehmens einer von einem Individuum stammenden KflrperflUssigkeitsprobe; 
25 2) Zusetzens von LDS-751 (2-{2-[4-(Dimethylamino)phenyl]ethenyl}-1-ethyl-chinoliniumjodid) zu der 

Probe; und 

3) Analysierens der Probe In einem automatisierten Instrument, das die Zellen in einer Probe durch 
einen Abtastbereich im wesentlichen einzeln passieren zu lassen und sowohl Fluoreszenz als auch 
Licht, in mehr als eine Richtung durch jede den Abtastbereich passierende Zelle gestreut, nachzu- 

30 weisen und aufzuzeichnen vermag, 

umfaBt. 

2. Verfahren nach Anspruch 1, bei dem die KorperflOssigkeitsprobe peritoneale, spinale und HirnflUssig- 
keiten, Urin und Zellsuspensionen von Knochenmark, Lymphknoten, Leber, Milz oder Thymus umfaBt 

35 

3. Verfahren nach Anspruch 1, bei dem wenigstens ein fluoreszierend markierter monoklonaler Antikbrper 
(MAb) vor dem Zusetzen des LDS-751 (2-{2-[4-(Dimethylamino)phenyl]-ethenyl}-1-ethyl-chinoliniumjo- 
did) zugesetzt wird, wobei die fluoreszierenden Marker Peak-Emissionsspektren haben, die voneinander 
und vom LDS-751 (2-{2-[4-(Dimethylamino)phenyl]-ethenyl}-1-ethyl-chinoliniumjodid) unterscheidbar 

40 sind. 

4. Verfahren nach Anspruch 1 , bei dem das automatisierte Instrument ein DurchfluB-Zytometer umfaBt. 

5. Verfahren zum Unterscheiden zwischen intakten und geschSdigten Zellen in einer peripheren Blutpro- 
45 be, umfassend die Schritte des 

1) Nehmens einer von einem Individuum stammenden peripheren Blutprobe; 

2) Zusetzens wenigstens eines fluoreszierend markierten monoklonalen Antikbrpers (MAb) zu der 
Probe, wobei die fluoreszierenden Marker Peak-Emissionsspektren haben, die voneinander und vom 
LDS-751 (2-{2-[4-(Dimethylamino)phenyl]-ethenyl}-1-ethyl-chinoliniumjodid) unterscheidbar sind; 

so 3) Zusetzens eines Fixativs zu der Probe; 

4) Zusetzens von LDS-751 (2-{2-[4-(Dimethylamino)phenyl]-ethenyl}-1-ethyl-chinoliniumjodid); und 

5) Analysierens der Probe in einem automatisierten Instrument, das die Zellen in einer Probe durch 
einen Abtastbereich im wesentlichen einzeln passieren zu lassen und sowohl Fluoreszenz als auch 
Licht, in mehr als eine Richtung durch jede den Abtastbereich passierende Zelle gestreut, nachzu- 

55 weisen und aufzuzeichnen vermag. 

6. Verfahren nach Anspruch 5, bei dem Erythrozyten lysiert werden. 



9 



EP 0 347 039 B1 



7. Verfahren nach Anspruch 5, bei dem das automatisierte Instrument ein DurchfluB-Zytometer ist. 

8. Verfahren zum Unterscheiden zwischen intakten und geschSdigten Zellen in einer peripheren Blutpro- 
be. das die Schritte des 

5 1 ) Nehmens einer von einem Individuum stammenden peripheren Blutprobe; 

2) Lysierens der Erythrozyten in der Probe; 

3) Zusetzens wenigstens eines fluoreszierend markierten monoklonalen Antikdrpers (MAb) zu der 
Probe, wobei die fluoreszierenden Marker Peak-Emissionsspektren haben, die voneinander und vom 
LDS-751 (2-{2-[4-(Dimethylamino)phenylhethenyl}-1-ethyl-chinoliniumjodid) verschieden sind; 

w 4) Zusetzens von Paraformaldehyd zu der Probe; 

5) Zusetzens von LDS-751 (2-{2-[4-(dimethylamino)phenyl]-ethenyl}-1-ethyl-chinoliniumjodid) zu der 
Probe; und 

6) Analysierens der Probe in einem DurchfluB-Zytometer, ausgestattet mit einem auf 488 nm 
abgestimmten Einzellaser, durch Nachweisen und Aufzeichnen sowohl von Ruoreszenz als auch 

75 Licht, in mehr als eine Richtung durch jede das DurchfluB-Zytometer passierende Zelle gestreut, 

umfaBt. 

9. Kit, der Behalter umfaBt, die separat LDS-751 (2-{2-[4-(Dimethylamino)phenyl]-ethenyl}-1-ethyi-chinoli- 
niumjodid) und einen oder mehrere fluoreszierend markierte monoklonale AntikSrper (MAbs) enthalten, 

20 zur Verwendung in einem Verfahren zum Unterscheiden zwischen intakten und geschSdigten Zellen in 
einer peripheren Blutprobe, umfassend die Schritte des 

1) Nehmens einer von einem Individuum stammenden peripheren Blutprobe; 

2) Zusetzens wenigstens eines fluoreszierend markierten monoklonalen Antikdrpers (MAb) zu der 
Probe, wobei die fluoreszierenden Marker Peak-Emissionsspektren haben, die voneinander und vom 

25 LDS-751 (2-{2-[4-(Dimethylamino)phenyI]-ethenyl}-1-ethyl-chinoliniumjodid) unterscheidbar sind; 

3) Zusetzens eines Fixativs zu der Probe; 

4) Zusetzens von LDS-751 (2-{2-[4-(Dimethylamino)phenyl]-ethenyl}-1-ethyl-chinoliniumjodid); und 

5) Analysierens der Probe in einem automatisierten Instrument, das die Zellen in der Probe durch 
einen Abtastbereich im wesentlichen einzeln passieren zu lassen und sowohl Fluoreszenz als auch 

30 Licht, in mehr als eine Richtung durch jede den Abtastbereich passierende Zelle gestreut, nachzu- 

weisen und aufzuzeichnen vermag. 

10. Kit von Anspruch 9, in dem die MAbs Fluorescein-isothiocyanat-markierte Anti-CD 15 und 
Phycoerythrin-markierte Anti-CD 11b sind. 

35 

11. Kit von Anspruch 9, in dem die MAbs Fluorescein-isothiocyanat-markierte Anti-CD 20 und 
Phycoerythrin-markierte Anti-CD 5 sind. 

12. Kit von Anspruch 9, in dem die MAbs Fluorescein-markierte Anti-CD 45 und Phycoerythrin-markierte 
40 Anti-CD 14 sind. 

Revendicatlons 

1. ProcSde* pour distinguer des cellules intactes de cellules endommagges dans un 6chantillon de fluide 
45 corporel qui comprend les stades de 

1) prglevement d'un e*chantillon de fluide corporel provenant d'un individu; 

2) addition de LDS-751 (iodure de 2-{2-[4-dim6thylamino)ph^nylHthenyl}-1-^thyl-quinolinium) audit 
echantillon et 

3) analyse dudit Echantillon dans un instrument automatism capable de faire passer les cellules dans 
so un Echantillon a travers une zone de detection, substantiellement une a la fois et capable de 

d&ecter et d'enregistrer a la fois la fluorescence et la lumiere diffracted dans plus d'une direction 
par chaque cellule passant a travers ladite zone de detection. 

2. Precede* de la revendication 1, dans lequei Pechantillon de fluide corporel comprend les fluides 
55 peritoneal, spinal et ce>€bral, Purine, et les suspensions de cellules de moelle osseuse, de ganglion 

lymphatique, du foie, de la rate ou du thymus. 
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3. ProcEdE de la revendication 1, dans lequet au moins un MAb marquE de maniere fluorescente est 
ajoutE a I'Echantillon avant I'addition de LDS-751 (iodure de 2-{2-[4-dimEthylamino)phEnyl]-EthEnyl}-1- 
Ethyl-quinolinium), dans lequel les marqueurs fluorescents ont des pics de spectres d'Emission qui 
peuvent etre distingues Tun de I'autre et dudit LDS-751 (iodure de 2-{2-[4-dimEthylamino)phEnyl]- 

5 EthEnyl}-1 -Ethyl-quinolinium). 

4. ProcEdE de la revendication 1, dans lequel ledit instrument automatism comprend un cytometre en 
Ecoulement. 

w 5. Procede* pour distinguer des cellules intactes de cellules endommagees dans un Echantillon de sang 
pEriphErique comprenant les stades de: 

1 ) prElevement d'un Echantillon de sang peripherique provenant d'un individu; 

2) addition d'au moins un MAb marquE de maniere fluorescente a I'Echantillon dans lequel les 
marqueurs fluorescents ont des pics de spectres demission qui peuvent etre distingues Tun de 

75 I'autre et du LDS-751 (iodure de 2-{2-[4-dim6thyiamino)ph^nylHth6nyl}-1-4thyl-quinolinium); 

3) addition d'un fixateur a I'Echantillon; 

4) addition de LDS-751 (iodure de 2-{2-[4-dimethylamino)phenyl]-eth6nyl}-1-^thyl-quinolinium) et 

5) analyse dudit Echantillon dans un instrument automatise* capable de faire passer les cellules dans 
I'Echantillon a travers une zone de detection, substantiellement une a la fois et capable de dEtecter 

20 et d'enregistrer a la fois la fluorescence et la lumiere diffractEe dans plus d'une direction par chaque 

cellule passant a travers ladite zone de detection. 

6. ProcEdE de la revendication 5, dans lequel les Erythrocytes dans le sang sont lysEs. 

25 7. ProcEdE de la revendication 5, dans lequel I' instrument automatise est un cytometre en Ecoulement. 

8. ProcEdE pour distinguer les cellules intactes de cellules endommagEes dans un Echantillon de sang 
pEriphErique qui comprend les stades de: 

1) prElevement d'un Echantillon de sang pEriphErique provenant d'un individu; 
30 2) lyse des Erythrocytes dans ledit Echantillon; 

3) addition d'au moins un MAb marquE de maniere fluorescente audit Echantillon, dans lequel les 
marqueurs fluorescents ont des pics de spectres d'Emission diffErents Tun de Tautre et du LDS-751 
(iodure de 2-{2-[4-dimEthy lamino)phEnyl]-EthEny l}-1 -Ethy l-quinolinium); 

4) addition de paraformaldEhyde a I'Echantillon; 

35 5) addition de LDS-751 (iodure de 2-{2-[4-dimEthylamino)phEnyl]-EthEnyl}-1 -Ethyl-quinolinium) audit 

Echantillon et 

6) analyse dudit Echantillon dans un cytometre en Ecoulement EquipE d'un laser unique syntonisE a 
488 nm par la dEtection et I'enregistrement a la fois de la fluorescence et la lumiere diffractEe dans 
plus d'une direction par chaque cellule passant a travers ledit cytometre en Ecoulement. 

40 

9. Trousse qui comprend des rEceptacles contenant sEparEment du LDS-751 (iodure de 2-{2-[4-dimEthy- 
lamino)phEnyl]-EthEnyl}-1 -ethyl-quinolinium) et un ou plusieurs MAb(s) marquE(s) de maniere fluores- 
cente, pour une utilisation dans un procEdE pour distinguer des cellules intactes de cellules endomma- 
gEes dans un Echantillon de sang pEriphErique comprenant les stades de: 

45 1) prElevement d'un Echantillon de sang peripherique provenant d'un individu; 

2) addition d'au moins un MAb marquE de maniere fluorescente a I'Echantillon dans lequel les 
marqueurs fluorescents ont des pics de spectres d'Emission qui peuvent etre distinguEs Tun de 
I'autre et du LDS-751 (iodure de 2-{2-[4-dimEthylamino)phEnyl]-EthEnyl}-1 -Ethyl-quinolinium); 

3) addition d'un fixateur a I'Echantillon; 

so 4) addition de LDS-751 (iodure de 2-{2-[4-dimethylamino)phEnyl]-EthEnyl}-1 -Ethyl-quinolinium) et 

5) analyse dudit Echantillon dans un instrument automatisE capable de faire passer les cellules dans 
I'Echantillon a travers une zone de dEtection, substantiellement une a la fois et capable de dEtecter 
et d'enregistrer a la fois la fluorescence et la lumiere diffractEe dans plus d'une direction par chaque 
cellule passant a travers ladite zone de dEtection. 



55 



10. Trousse de la revendication 9, dans laquelle les MAbs sont l'anti-CD15 marquE a I'isothiocyanate de 
fluorescEine et l'anti-CD11b marquE a la phycoErythrine. 
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11. Trousse de la revendication 9, dans laquelle les MAbs sont l'anti-CD20 marqu§ a I'isothiocyanate de 
fluoresceins et l*anti-CD5 marque* a !a phyco^rythrine. 

12. Trousse de revendication 9, dans laquelle les MAbs sont ranti-CD45 marque a la fluoresc&ne et le 
CD14 marque* a la phycoSrythrine. 
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